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ABSTRACT 29 
 30 
Mesopelagic fish represent an important trophic link between zooplankton and higher order 31 
predators in Southern Ocean food webs. Information on their feeding habits is still sparse, 32 
representing a key area of uncertainty in efforts to understand and model Southern Ocean 33 
food web dynamics. We used visual assessment of stomach contents to characterise the diets 34 
of three myctophids (Electrona antarctica, Gymnoscopelus braueri, Krefftichthys anderssoni) 35 
and one bathylagid (Bathylagus antarcticus) over the southern extension of the Kerguelen 36 
Plateau (‘southern Kerguelen Axis’), a highly productive area of both biological and 37 
economic importance in the Indian sector of the Southern Ocean. Diets of all four species 38 
were dominated by euphausiids, amphipods, copepods and fish.  Bathylagus antarcticus also 39 
preyed upon a high proportion of soft-bodied organisms. There was strong evidence for 40 
dietary variability both within and between species, and this variability was driven by 41 
latitudinal variation in zooplankton assemblages. Size-based shifts in diet were apparent, with 42 
larger individuals of myctophid and bathylagid species consuming larger prey. Linear mixed 43 
effects models also demonstrated that the weight of prey consumed increased in relation to 44 
predator weight. Dietary information presented here advances our understanding of the 45 
mesopelagic components of Southern Ocean food webs, which will improve the development 46 
of food web models for the region.   47 
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1.  Introduction 48 
 49 
Mesopelagic fish are a critical component of global oceanic ecosystems (St. John et 50 
al., 2016). These small fish (predominantly < 20 cm body size) are ubiquitous in the ‘twilight 51 
zone’ (200 – 1000 m) of the open oceans and constitute a major part of the global fish 52 
biomass (Gjosaeter and Kawaguchi, 1980; Proud et al., 2018). Occupying a trophic position 53 
between zooplankton and higher predators, mesopelagic fish act as an important trophic link 54 
(Catul et al., 2011; Cherel et al., 2010; Lea et al., 2006; Lea et al., 2002; Pusch et al., 2004). 55 
They may also play an important role in global ocean biogeochemical cycling by transporting 56 
organic and inorganic carbon between depths (Hays, 2003; Hudson et al., 2014; Irigoien et al., 57 
2014; Lehodey et al., 2015).   58 
Within the Southern Ocean, the mesopelagic fish community is dominated by the 59 
Myctophidae and Bathylagidae families (Duhamel et al., 2014). Myctophids are thought to 60 
comprise the greatest biomass and species richness compared to any other Southern Ocean 61 
fish family (Duhamel et al., 2014; Kozlov, 1995). Bathylagids also represent a large biomass, 62 
being particularly abundant in the lower mesopelagic zone (400 – 1000 m) but found as deep 63 
as 4000 m (Duhamel et al., 2014). Due to the high biomass and high energy content of lipid-64 
rich myctophids (Lea et al., 2002; Van de Putte et al., 2006), these fish are a critical 65 
component in the diets of higher order Southern Ocean predators (Bocher et al., 2001; Collins 66 
et al., 2008; Connan et al., 2007; Lea et al., 2006; Shreeve et al., 2009). Bathylagids have also 67 
been shown to be a key source of energy for Patagonian toothfish, which are the basis for a 68 
substantial commercial finfish fishery in the Southern Ocean (Gaskett et al., 2001; 69 
Goldsworthy et al., 2002). They are also likely to be key prey items for elephant seals and 70 
beaked whales (Pauly et al., 1998), and are important consumers of gelatinous zooplankton 71 
(Clarke et al., this issue). 72 
Despite the ecological significance of Southern Ocean mesopelagic fish, remarkably 73 
little is known about their trophic ecology in most regions (Hulley and Duhamel, 2011; 74 
Murphy et al., 2012; Young et al., 2015). Relatively few studies have attempted to 75 
quantitatively characterise the diets of mesopelagic fish within Southern Ocean ecosystems 76 
(Pusch et al., 2004; Saunders et al., 2014; Saunders et al., 2015c; Shreeve et al., 2009; 77 
Stowasser et al., 2012), with most only being semi-quantitative, and therefore of limited use 78 
to the development of food web models (Gorelova and Efremenko, 1989; Kozlov and 79 
Tarverdiyeva, 1989; Naumov et al., 1981; Pakhamov et al., 1996; Rowedder, 1979). 80 
Generally, Southern Ocean myctophids and bathylagids have been characterised as 81 
opportunistic foragers, predominantly feeding on various crustaceans such as copepods, 82 
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amphipods and euphausiids (Hopkins and Torres, 1989; Lancraft et al., 1991; Lea et al., 2002; 83 
Pakhamov et al., 1996; Pusch et al., 2004), with dietary variability across space and time 84 
(Cherel et al., 2010; Pakhamov et al., 1996; Saunders et al., 2015a; Saunders et al., 2014; 85 
Shreeve et al., 2009; Stowasser et al., 2012). Importantly, limited understanding of species 86 
abundance, as well as diet and trophodynamics of mesopelagic fish hinders our ability to 87 
conceptualise Southern Ocean food web dynamics and accurately represent mid-trophic level 88 
components within ecosystem models (Hill et al., 2012; Murphy et al., 2012; Young et al., 89 
2015). 90 
The Kerguelen Plateau is a highly productive area of both biological and economic 91 
importance in the Indian sector of the Southern Ocean. The region spanning from the 92 
subantarctic islands over the Kerguelen Plateau (Kerguelen, Heard and McDonald Islands), 93 
southwards to the Antarctic continent (hereafter termed the Kerguelen Axis) is thought to 94 
have a spatial transition in mid-trophic level regimes, with mesopelagic fish dominating 95 
trophic pathways in the north, towards a more krill-dominated ecosystem in the south (Hulley 96 
and Duhamel, 2011; Nicol and Raymond, 2012). Few studies have investigated the dietary 97 
composition of mesopelagic fish within the Kerguelen region, and of these, the spatial extent 98 
has largely been restricted to the northern Kerguelen Plateau (Cherel et al., 2010; Connan et 99 
al., 2010). Significant knowledge gaps remain regarding the dietary composition of key 100 
mesopelagic species around the southern Kerguelen Plateau, and how these diets may differ 101 
across northern (putatively fish-dominated) and southern (putatively krill-dominated) 102 
systems.  103 
As part of the 2016 Kerguelen Axis marine ecosystem survey over the southern 104 
Kerguelen Plateau, the dietary composition of mesopelagic fish across a latitudinal gradient 105 
has recently been investigated using molecular sequencing techniques (Clarke et al., this 106 
issue) and stable isotope analysis (Woods et al., in press). DNA sequencing of stomach 107 
contents showed myctophid diets were dominated by amphipods, euphausiids and copepods, 108 
whereas radiolarians and siphonophores contributed a much greater proportion for 109 
bathylagids. In both studies, size-based dietary shifts were apparent. Dietary DNA showed 110 
that larger mesopelagic fish were more likely to consume euphausiids, and also suggested 111 
regional differences in diet over the survey area. Due to methodological limitations, both 112 
studies were unable to extract detailed taxonomic and quantitative dietary information, and 113 
were unable to quantify the fish-based component of diets. Therefore, a study employing 114 
stomach content analysis represents a timely and complementary contribution, providing a 115 
more integrated and holistic understanding of mesopelagic fish trophic ecology in this region. 116 
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This study aims to characterise the dietary composition of four of the most common 117 
and widespread Southern Ocean mesopelagic fish species: three myctophids (Electrona 118 
antarctica, Gymnoscopelus braueri, Krefftichthys anderssoni), and one bathylagid 119 
(Bathylagus antarcticus). We use stomach samples of fish collected during surveys on the 120 
southern Kerguelen Axis, with this work forming part of the broader Kerguelen Axis research 121 
initiative to characterise ecosystems in this highly productive region. Variability in diet 122 
between species, and spatially between northern and southern regions of the survey area were 123 
investigated using traditional visual assessment of stomach contents. Species were sampled 124 
across a broad range of size classes to investigate the influence of predator size on predator 125 
and prey size relationships. This dietary information can be used to better understand spatial 126 
variation in food web structure in this region and the extent of size-based trophic structuring 127 
in this assemblage. This information can in turn inform future studies of how these dynamics 128 
may change in response to altered physical processes associated with climate change.  129 
 130 
 131 
2. Methods 132 
 133 
2.1. Sample collection 134 
 135 
Mesopelagic community samples were collected in the austral summer of 2016 (22 136 
January – 17 February) as part of the Kerguelen Axis ecosystem study on-board the R.S.V 137 
Aurora Australis. For this study we focus on mesopelagic fish that were collected from six 138 
sampling stations along the major south-to-north transect of the Kerguelen Axis. Three 139 
sampling sites were located in subpolar waters south of the Southern Boundary (SB) of the 140 
Antarctic Circumpolar Current (ACC) over the Princess Elizabeth Trough (Fig. 1, sites 16, 17 141 
and 18; hereafter ‘southern stations’ or ‘southern survey area’). The other three sampling sites 142 
were located north of the Southern Antarctic Circumpolar Circulation Front (SACCF) over 143 
the BANZARE Bank (Fig. 1, sites 20, 22 and 23; hereafter 'northern stations’ or ‘northern 144 
survey area’). 145 
At each site, mesopelagic fish communities were collected with depth-stratified mid-146 
water trawls using an IYGPT net (International Young Gadoid Pelagic Trawl). These nets 147 
were equipped with a MIDOC (Midwater Open-Close) multiple cod-end device with a 20 mm 148 
mesh size, and towed at 1.5 - 3 knots (see Trebilco et al., in press for further details). The 149 
MIDOC allowed catch to be split into five depth strata (0 – 200m, 200 – 400 m, 400 – 600 m, 150 
600 – 800 m and 800 – 1000 m). Although trawls were conducted at different times of the day 151 
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(day: site 16 and 18, sunrise: site 17 and 22, sunset: site 20 and 23), sampling over these depth 152 
strata encompassed the full range of mesopelagic fish vertical distribution (0 – 1000 m). This 153 
minimises the introduction of potential biases associated with fish vertical migratory 154 
behaviour. Mesopelagic fish collected from each haul were sorted on-board into readily-155 
identifiable morphospecies and frozen at -20C.  156 
 157 
2.2. Stomach content analyses 158 
 159 
In the laboratory, the fish were identified to species. A sub-sample of the three 160 
myctophids and one bathylagid species were thawed before being weighed (MS105DU, 161 
Mettler Toledo, Switzerland) and measured (standard length, SL) to the nearest 0.1 mm. 162 
Additionally, the vertical (maximum height of gape when open) and horizontal (maximum 163 
width of gape when open) gape sizes were measured to the nearest 0.1 mm. Fish were then 164 
dissected and stomach contents analysed using a stereomicroscope (Wild M8, WILD 165 
HEERBRUGG, Switzerland). Contents were identified to the lowest taxonomic level the 166 
digestive state would allow. The stage of digestion of each prey item was ranked from 1 to 6 167 
using a classification system where: 1 = empty stomach, 2 = < 25% intact items, 3 = 25 - 50% 168 
intact, 4 = 50 - 75% intact, 5 = > 75% intact, 6 = no digestion). All individual prey items 169 
within stomach contents were weighed to the nearest 0.1 g and counted.   170 
The contribution and relative importance of prey taxa to stomach contents was 171 
quantified with four traditional metrics of dietary composition (Hyslop, 1980). These were 172 
calculated for each fish species separately at northern and southern sampling stations, and 173 
across species within all stations.  174 
 175 
(i) The spectrum of prey types consumed, and population-level inferences were made 176 
using frequency of occurrence (%FO). This was calculated by recording the 177 
number of times a single prey type occurred within stomach contents and 178 
expressing this as a percentage of all (non-empty) stomachs for that fish species. 179 
(ii) The numerical importance of each prey type was determined using percent 180 
abundance (%N). This was assessed by counting the total number of each 181 
individual prey item found in stomach contents and expressing this as a percentage 182 
of the total number of prey items counted across all (non-empty) stomach contents 183 
for that fish species.  184 
(iii) The nutritional dependence on prey items was quantified through weight 185 
measurements (%W). Using this metric, the wet weight of individual prey taxa 186 
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found within stomach contents was determined, and this was displayed as a 187 
percentage of the total wet weight measured across all (non-empty) stomach 188 
contents.  189 
(iv) Using these three metrics, the index of relative importance of each prey species 190 
(%IRI) was calculated (see Cortés, 1997). The index of relative importance was 191 
also calculated for prey categories (%IRIDC). Initially, prey categories used in the 192 
analysis were amphipods, copepods, chordata, chaetognaths decapods, 193 
euphausiids, isopods, ostracods, gastropods, polychaetes, siphonophores, 194 
unidentified crustaceans and unidentified prey. A more detailed analysis was also 195 
performed using dominant prey categories: amphipods, copepods, fish, Euphausia 196 
superba, other euphausiids and other taxa (polychaetes, salps, siphonophores, 197 
decapods, isopods, gastropods and unidentified crustaceans, gelatinous prey and 198 
other taxa). Note that %IRI is not additive, so summing the %IRI values of 199 
individual species is not the same as the %IRIDC values of prey categories (see 200 
Hansson, 1998). The %IRI metric was calculated as: 201 
 202 
%IRI =	
%N +%W × %FO
∑ %N +%W × %FO


	× 100 
 203 
where i represented a prey item. This metric integrates %N, %W and %FO into a 204 
single value, enabling an overall ranking of prey items to diet from 0 – 100%, 205 
where %IRI values closer to 100% indicate a greater dietary importance (Pinkas et 206 
al., 1971). Compound indices such as %IRI help avoid the individual biases of 207 
single metrics (Cortés, 1997).  208 
 209 
2.3. Statistical analyses 210 
 211 
All analyses were done using R statistical software version 3.5.1(R Core Team, 2017). 212 
Several approaches were undertaken to understand the variability in diet associated with fish 213 
length. First, gape area was examined and calculated as: 214 
	 = 0.5A0.5B 
where A represents gape height and B represents gape width (see Ward-Campbell et al., 215 
2005). Gape area was modelled in relation to fish standard length and mesopelagic fish 216 
species using a linear regression, including an interaction term for length × species. Values for 217 
gape area and standard length were log-transformed to better meet assumptions of 218 
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homoscedasticity. Linear regressions were also used to investigate relationships between 219 
%IRIDC values and fish standard length. Here, regressions were fit to individual prey 220 
categories within each fish species. 221 
Finally, the relationship between the weight of prey consumed and predator weight 222 
was examined using linear mixed models (lme function, nlme package; Pinheiro et al., 2018). 223 
To evaluate species-specific relationships, a mixed model was fit including predator weight, 224 
predator species and an interaction term as fixed effects, with prey category included as a 225 
random effect. To develop a community-level estimate across the four fish species examined, 226 
different mixed models were configured which allowed the nested structure of the data to be 227 
accounted for. Akaike’s information criterion (AIC) was used to determine the optimal 228 
random effects structure. The final mixed model included predator weight as a fixed effect, 229 
and prey category nested within predator species as random effects. In all mixed models, 230 
values for prey weight and predator weight were log-transformed.  231 
Using the integrated %IRI metric, dissimilarities in dietary composition of 232 
intraspecific size classes and species assemblages in the northern and southern stations were 233 
investigated. The %IRI values of each diet component for each species were square-root 234 
transformed. A Bray-Curtis dissimilarity matrix was produced for small and large size classes 235 
of northern and southern samples of each species (four species by two size class and by two 236 
locations), and these sixteen groups were classified by hierarchical agglomerative cluster 237 
analysis using the group average linking method (hclust function, stats package, Murtagh and 238 
Legendre 2014). To establish trophic guilds based on predatory behaviour, a similarity 239 
percentage routine (SIMPER) was conducted on the cluster results (simper function, vegan 240 
package, Oksanen et al., 2015). 241 
 242 
 243 
3. Results 244 
 245 
3.1. Dietary composition 246 
 247 
Stomach contents of 372 fish were microscopically examined in the laboratory. The 248 
four species E. antarctica (n = 116), G. braueri (n = 74), K. anderssoni (n = 63) and B. 249 
antarcticus (n = 119) were opportunistically sampled from cod-end samples collected within 250 
each MIDOC station. Species were sampled across a broad range of size classes to investigate 251 
the influence of predator size on predator and prey size relationships (Fig. 2). Planktonic 252 
crustaceans were a key component of the fish dietary composition across all four species, 253 
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however there was considerable variation among species, and between southern and northern 254 
stations (Table 1 - 4).  255 
 256 
3.1.1. Electrona antarctica  257 
In southern stations, the diet of E. antarctica (46 - 116 mm SL) was dominated by the 258 
hyperiid amphipod Themisto gaudichaudii (61.7% IRI). Unidentified fish (10.9% IRI) and 259 
euphausiid E. superba (10.2% IRI) also contributed substantially to diets. Whilst E. superba 260 
were consumed with a relatively low abundance and frequency, it comprised the most 261 
important volumetric contribution to diets (35.8% W) (Table 1). Electrona antarctica diets 262 
were slightly more diverse in northern stations. Whilst unidentified fish (57.2% IRI) were the 263 
dominant prey item consumed, several copepod species also made important dietary 264 
contributions to the extent where copepods were recorded as the most important prey category 265 
(42.6% IRIDC) for this myctophid (Table 1).  266 
 267 
3.1.2. Gymnoscopelus braueri 268 
A marked latitudinal variation in diet was also apparent for G. braueri (70 - 151 mm 269 
SL). In southern stations, G. braueri had a diet dominated by the euphausiid E. superba 270 
(52.1% IRI). It was consumed with the highest abundance (25.8% N) and frequency (24.1% 271 
FO), and was also the greatest source of nutrition (52.8% W). The smaller euphausiid 272 
Thysanoessa macrura (24.3% IRI) also made important contributions to diets. This 273 
euphausiid-dominated diet transitioned into one which was almost solely comprised of the 274 
hyperiid amphipod T. gaudichaudii in northern stations (94.7% IRI). Similar to the dietary 275 
role of E. superba in southern stations, T. gaudichaudii also dominated the abundance (61.5% 276 
N), frequency (53.3% FO) and weight (67.2%) metrics (Table 2).  277 
 278 
3.1.3. Krefftichthys anderssoni 279 
The diet of K. anderssoni (40 - 79 mm SL) primarily consisted of T. macrura (40.3% 280 
IRI) and unidentified copepods (31.9%) in southern stations, whilst in northern stations 281 
Rhinacalanus gigas (42.9% IRI) and unidentified copepods (35.2% IRI) were the dominant 282 
prey items (Table 3). In both study regions, high levels of digestion precluded a species-level 283 
classification of a significant portion of copepod prey items. Samples collected in northern 284 
stations displayed a higher foraging diversity; but this may be due to the low sample size 285 
within southern stations.  286 
 287 
3.1.4. Bathylagus antarcticus 288 
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Bathylagus antarcticus (49 - 181 mm SL) had a unique diet compared to myctophid 289 
species. Samples of B. antarcticus analysed from southern stations had diets dominated by E. 290 
superba (72.8% IRI), with this euphausiid accounting for the greatest abundance (25% N), 291 
frequency (27.3% FO) and volumetric 53.8% W) contributions. A diverse array of other prey 292 
items had a much lower relative importance for B. antarcticus in southern stations. In 293 
contrast, E. superba was absent from B. antarcticus stomach contents in northern stations, and 294 
instead, diets consisted of various soft-bodied prey items such as unidentifiable gelatinous 295 
prey (30.0% IRI), Salpa thompsoni (17.0% IRI) and polychaete Tomopteris carpenteri 296 
(14.4% IRI) (Table 4). 297 
 298 
3.2. Size-based characteristics 299 
 300 
3.2.1. Morphological changes with size 301 
Gape increased proportionally with body size for all species (Fig. 3). There was 302 
significant variation in gape size among species (F = 190.1, P < 0.001), however the slopes of 303 
these relationships did not vary significantly (F = 0.87, P > 0.05; Supplementary B). Of the 304 
species sampled G. braueri had the largest gape relative to body size, followed by E. 305 
antarctica, and K. anderssoni, with B. antarcticus having the smallest. Given the large size 306 
range of sampled B. antarcticus, this species showed the greatest total range of gape 307 
capacities in this study. 308 
  309 
3.2.2. Size-based dietary trends 310 
Across the myctophid and bathylagid community, size-related dietary patterns were 311 
apparent for certain prey categories (Fig. 4a, Supplementary A). Copepods were generally 312 
consumed by the smaller myctophids K. anderssoni and E. antarctica. Krefftichthys 313 
anderssoni demonstrated consistent copepod consumption across their sampled size spectrum, 314 
whereas in E. antarctica, copepods mainly occurred in the diet of smaller sized individuals (< 315 
80 mm). In contrast, E. superba was consumed by larger sized individuals across E. 316 
antarctica, G. braueri and B. antarcticus. Amphipods, other euphausiids and other prey items 317 
were generally consumed across the size range of sampled fish, but there is some indication 318 
that larger individuals had a broader foraging niche. A significant size-based dietary trend was 319 
evident only for E. antarctica predation on other fish (Fig. 4a, P < 0.05), with this piscivorous 320 
activity (%IRIDC) increasing with increasing body size.  321 
  The weight of prey consumed increased in relation to body size (F = 3.07, P < 0.01), 322 
with a significant interaction between predator species and predator weight (F = 2.87, P < 323 
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0.01) (Fig. 4b). Of the four species sampled, G. braueri showed greatest change in prey 324 
weight with predator size (t = 3.40, P < 0.01), with larger specimens more likely to consume 325 
larger sized prey items (slope [m] = 0.89 ± 0.30). The estimates for the two other myctophid 326 
species K. anderssoni (m = 0.62 ± 0.38) and E. antarctica (m = 0.32 ± 0.22) did not 327 
significantly differ (t < 2.87, P > 0.05) from G. braueri. In comparison, the result for B. 328 
antarcticus was significantly different (t = 0.61, P < 0.05), with this species displaying no 329 
change in prey weight with increasing size (m = 0.04 ± 0.13) (Fig. 4b). The community-level 330 
mixed model estimated that prey weight increased in relation to predator weight with a 331 
coefficient of 0.25 ± 0.13 (F = 2.65, P < 0.01), although different random effects structures 332 
estimated this coefficient to be as high as 0.39 ± 0.10 (Supplementary C).  333 
 334 
3.3. Trophic guild analysis 335 
 336 
Hierarchical cluster analysis indicated that myctophid and bathylagid assemblages in 337 
the northern and southern survey area exhibit a high degree of dietary variability between size 338 
classes (Fig. 5). The analysis produced six clusters at a 57% dissimilarity level, with one 339 
outlier (consisting of a single category) comprised of small K. anderssoni (Cluster 1) samples 340 
from the southern survey area. Small K. anderssoni were distinguished through a copepod 341 
dependent diet. Cluster 2 grouped the northern assemblages of K. anderssoni with small E. 342 
antarctica based on the dietary importance of copepod species R. gigas (29% contribution). 343 
Northern samples of B. antarcticus were grouped in Cluster 3, with a diet dominated by 344 
gelatinous prey (23% contribution). Small G. braueri and large K. anderssoni from the 345 
southern survey area were grouped (Cluster 4) based on a diet consisting of euphausiid 346 
species T. macrura (48% contribution). Cluster 5 grouped large size classes of southern B. 347 
antarcticus and G. braueri based on the dietary importance of E. superba (38% contribution). 348 
Northern G. braueri and small E. antarctica from southern stations were grouped in Cluster 6, 349 
with a diet primarily consisting of the amphipod T. gaudichaudii (48% contribution). Cluster 350 
7 comprised of large E. antarctica from both the northern and southern survey area as a result 351 
of dominant piscivorous foraging activity (35% contribution).   352 
 353 
3.4. Community prey consumption 354 
 355 
A predator-level summary and a spatial summary of dietary importance are given in 356 
Fig. 6. Aggregating the diets of all mesopelagic fish species together, latitudinal trends in prey 357 
consumption were apparent (Fig. 6b). Diets of species within southern stations (#16, 17 and 358 
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18) were predominantly comprised of E. superba, and other euphausiids and crustaceans. The 359 
dietary importance of euphausiids substantially decreased in the northern stations (#20, 21 360 
and 23). In contrast, amphipods, copepods and fish were the dominant prey items in northern 361 
stations, and generally, the importance of these prey items decreased poleward.  362 
  363 
4. Discussion 364 
 365 
4.1. Spatial trends in prey consumption 366 
 367 
Results of this study show there was a clear latitudinal dichotomy in myctophid and 368 
bathylagid dietary composition. In general, euphausiids were the dominant prey item recorded 369 
in the southern survey area. In contrast, amphipods, copepods, fish and various soft-bodied 370 
organisms were the dominant prey items in the northern survey area. The latitudinal trends in 371 
dietary composition recorded by key mesopelagic fish are a likely reflection of zooplankton 372 
communities and lower trophic level structure within the southern Kerguelen Axis (Hulley 373 
and Duhamel, 2011; Nicol and Raymond, 2012). It has been suggested complex ocean 374 
circulation and frontal structure in the Kerguelen Plateau region may act as physical drivers 375 
influencing the spatial distribution of primary productivity (Bestley et al., 2018b; 376 
Schallenberg et al., 2018), and potentially krill-based and non-krill-based zooplankton 377 
communities (Bestley et al., 2018a; Murphy et al., 2017; Silk et al., 2016). Whilst the physical 378 
factors directly influencing the spatial differentiation in zooplankton assemblages within the 379 
region remain unclear, the present study provides evidence for latitudinal variability in lower 380 
trophic regimes and a co-occurrence of krill-based and non-krill-based trophic pathways.  381 
The importance of Antarctic krill in the diet of Southern Ocean mesopelagic fish has 382 
been a major point of contention in the scientific literature (Pakhamov et al., 1996; Pusch et 383 
al., 2004; Saunders et al., 2018; Saunders et al., 2015b; Shreeve et al., 2009). In this study, E. 384 
superba were an important component of mesopelagic fish diets in southern stations, but were 385 
almost entirely absent from diets in the northern stations. These dietary trends are supported 386 
by molecular dietary analyses from the southern Kerguelen Axis (Clarke et al., this issue), and 387 
are also consistent with E. superba’s distribution (Bestley et al., 2018a; Hunt and Hosie, 388 
2005; Ward et al., 2012b). Our findings support the concept that mesopelagic fish link 389 
secondary productivity to predators at higher trophic levels through both krill-based and non-390 
krill-based trophic pathways (Murphy et al., 2007; Saunders et al., 2018). These results 391 
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reaffirm the complexity and spatial variability of Southern Ocean food webs, and importantly, 392 
provide a better understanding of energy flow within the southern Kerguelen Axis. 393 
 394 
4.2. Dietary composition 395 
 396 
4.2.1. Electrona antarctica 397 
The present study shows E. antarctica within the southern Kerguelen Axis has a 398 
diverse diet, preying upon a wide range of prey items. There was a marked transition in 399 
dietary composition from southern to northern stations. The hyperiid amphipod T. 400 
gaudichaudii was the most important prey item for E. antarctica in the southern survey area, 401 
and this diet was supplemented by the euphausiid E. superba. In contrast, E. antarctica from 402 
the northern survey area fed primarily on fish, and secondarily on copepod species R. gigas. 403 
Clarke et al. (this issue) similarly found E. antarctica within the southern Kerguelen Axis to 404 
have a diet composed of amphipods, copepods and euphausiids. The present study can be 405 
distinguished by the recorded dietary importance of fish, although the state of digestion 406 
precluded any species or age-related inferences of these prey items. In Clarke et al. (this 407 
issue), fish could not be reliably detected in the diets of mesopelagic fish samples. This is 408 
because the genetic marker used lacked the taxonomic resolution to distinguish between 409 
predator and prey fish species. Evidence provided by the present study of E. antarctica 410 
piscivory in the southern Kerguelen Axis highlights the utility and complementarity of 411 
integrating stomach content analysis with other approaches of dietary analysis to characterise 412 
trophic interactions.  413 
Dietary findings for E. antarctica presented here are largely consistent with other 414 
regions of the Southern Ocean (Lea et al., 2002; Pusch et al., 2004; Saunders et al., 2015a; 415 
Shreeve et al., 2009). Similar spatial transitions in diet for this myctophid have been reported 416 
in the Scotia Sea, where the dietary importance of euphausiid E. superba decreased with 417 
decreasing latitude, coinciding with the increased importance of alternate energy pathways 418 
(Saunders et al., 2014). However, a new finding in this study is the previously undescribed 419 
dietary importance of fish. Piscivory has been observed in E. antarctica diets within the 420 
Scotia Sea (Saunders et al., 2014), and in waters surrounding Macquarie Island (Gaskett et al., 421 
2001) at only very low frequencies indicating negligible dietary importance. Regional 422 
differences in dietary composition indicate E. antarctica predation strategies are spatially 423 
variable, and this may reflect regional differences in food web structure driven by the position 424 
of frontal zones (Koubbi et al., 2011b; Ward et al., 2012a; Ward et al., 2012b).  425 
 426 
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4.2.2. Gymnoscopelus braueri 427 
Within the southern Kerguelen Axis, G. braueri displayed a diet which was dominated 428 
by euphausiid and amphipod species. This myctophid fed almost exclusively on T. macrura 429 
and E. superba in the southern survey area, and this euphausiid-based diet transitioned to one 430 
that was dominated by T. gaudichaudii in the northern survey area. This latitudinal trend in G. 431 
braueri diet is consistent with molecular dietary analyses (Clarke et al., this issue). General 432 
composition and spatial variations in G. braueri diet recorded in the southern Kerguelen Axis 433 
also correspond with findings from the Scotia Sea, with Saunders et al. (2015a) finding G. 434 
braueri preyed on T. gaudichaudii north of the SACCF, and T. macrura and E. superba south 435 
of the SACCF. However, unlike the Scotia Sea population (Saunders et al., 2015a; Shreeve et 436 
al., 2009), copepods were not an important prey item for this myctophid and were almost 437 
entirely absent from diets. This regional discrepancy may also depend on the differences in 438 
the size of individuals collected between studies. Specimens of G. braueri examined in the 439 
present study ranged between 70 - 151 mm in length, whereas the length range reported by 440 
Shreeve et al. (2009) was 46 - 133 mm. In the diet of G. braueri and several other 441 
myctophids, small organisms such as copepods are the most important prey items for smaller 442 
individuals, whereas for larger specimens, a dietary shift towards other prey is often observed 443 
(Battaglia et al., 2014; Saunders et al., 2015a; Saunders et al., 2018; Saunders et al., 2014).  444 
 445 
4.2.3.  Krefftichthys anderssoni 446 
 The dietary composition of Krefftichthys anderssoni in the southern Kerguelen Axis 447 
was mainly dominated by copepods and the euphausiid T. macrura. This myctophid is 448 
characterised as a warmer water species which defines the bioregion north of the SACCF 449 
(Duhamel et al., 2014; Ward et al., 2012b). Therefore, the small sample size in southern 450 
stations is likely attributed to the species’ restricted distribution (Koubbi et al., 2011b). 451 
Copepods were identified as a dominant prey item across the survey area, although a large 452 
proportion could not be taxonomically identified beyond a general copepod classification. 453 
This copepod-dominated diet is consistent with stable isotope data from the Kerguelen 454 
Plateau region. Low δ15N values of K. anderssoni found in the southern Kerguelen Axis 455 
(Woods et al., in press) and in the northern Kerguelen Plateau region (Cherel et al., 2010) can, 456 
by proxy, indicate foraging on lower trophic level prey such as copepods. The findings of the 457 
present study are also consistent with studies from other Southern Ocean regions that 458 
characterise K. anderssoni as a specialist copepod forager (Cherel et al., 2010; Gaskett et al., 459 
2001; Lourenço et al., 2017; Pakhamov et al., 1996; Shreeve et al., 2009; Williams et al., 460 
2011).  461 
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The restricted foraging niche of K. anderssoni may also be attributed to vertical 462 
distribution in the water column. This species is the only Southern Ocean myctophid which 463 
does not exhibit clear vertical migratory behaviour (Duhamel et al., 2014; Duhamel et al., 464 
2000; Koubbi et al., 2011a). Kreffichthys anderssoni is a predominantly deep-dwelling (below 465 
400 m) species (Collins et al., 2008; Lourenço et al., 2017), however unlike any other 466 
myctophid, this species also occurs in high abundance within the epipelagic zone during day-467 
light hours (Duhamel et al., 2014; Duhamel et al., 2000). The unique vertical distribution of 468 
K. anderssoni has previously been linked to the distributional patterns of copepods, 469 
reaffirming this myctophid occupies a copepod dependant predatory niche. 470 
 471 
4.2.4. Bathylagus antarcticus 472 
Bathylagus antarcticus displayed a diet that consisted of both crustaceans and soft-473 
bodied organisms of varying proportions over a latitudinal gradient. Euphausia superba was 474 
the dominant prey item for B. antarcticus in southern stations, whereas in northern stations B. 475 
antarcticus had a different diet mainly composed of S. thompsoni, T. carpenteri and 476 
unidentifiable gelatinous prey items. This diet in northern stations was also supplemented by 477 
euphausiids and other unidentifiable crustaceans. Both the present study and molecular 478 
dietary analyses (Clarke et al., this issue) provide evidence that B. antarcticus within the 479 
southern Kerguelen Axis feed upon a variety of soft-bodied organisms, and thereby occupy a 480 
unique dietary niche compared to Southern Ocean myctophid species. This marked variation 481 
in diet may be indicative of this species vertical distribution. Bathylagus antarcticus inhabits 482 
much greater depths (> 1000 m deep) than myctophid species, and, as a result, the occupation 483 
of this unique predatory niche may be a reflection of prey assemblages within the 484 
bathypelagic zone.  485 
It must be noted that a large proportion of B. antarcticus stomach contents could not 486 
be identified due to extremely high levels of digestion, which may have skewed the relative 487 
importance of recorded prey items. This problem was directly associated with many samples 488 
containing rapidly digested soft-bodied prey items. Consequently, the true relative importance 489 
of prey items to B. antarcticus may be biased when solely employing morphological 490 
identification of stomach contents. Nevertheless, dietary analyses conducted in the southern 491 
Kerguelen Axis using molecular techniques also reported that B. antarcticus had a diet 492 
primarily consisting of soft-bodied prey items such as siphonophores and radiolarians, albeit 493 
with a negligible contribution from euphausiids and other crustaceans (Clarke et al., this 494 
issue). This diet dominated by soft-bodied prey items has similarly been recorded in other 495 
Southern Ocean ecosystems using calorific analyses. In these studies, B. antarcticus 496 
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demonstrated a much lower lipid and energy content compared to myctophid species, which 497 
was attributed to a diet dominated by low lipid and calorific prey items such as polychaetes, 498 
chaetognaths and other soft-bodied organisms (Donnelly et al., 1990; Van de Putte et al., 499 
2006). Whilst the present study did detect soft-bodied prey items in the stomachs of B. 500 
antarcticus, high levels of digestion precluded a species-level identification, with prey items 501 
often placed into broad taxonomic categories such as ‘unidentified gelatinous prey’. 502 
Consequently, a limited diversity of species was recorded. This demonstrates a limitation of 503 
morphological identification techniques when used alone, and further illustrates the utility of 504 
employing a suite of different methodological approaches to quantify the role of soft-bodied 505 
prey items to Southern Ocean mesopelagic fish.  506 
 507 
4.3. Size-structured predation 508 
 509 
The relationship between predator size, gape size and prey consumption is relevant to 510 
understanding size-structuring of trophic relationships at the levels of both individual species 511 
and the whole assemblage, which in turn can inform more general understanding of size-512 
structuring of energy flow in Southern Ocean food webs. Cluster analysis demonstrated size 513 
plays an important role in distinguishing intraspecific trophic guilds. There were clear 514 
intraspecific differences for E. antarctica and southern G. braueri assemblages, with larger 515 
specimens occupying trophic guilds separate to the smaller size class. For myctophid species 516 
G. braueri, E. antarctica, and K. anderssoni, size range of prey consumed (expressed as 517 
mass) broadened with fish size. Gape size increased with body size at a similar rate for each 518 
species, and these morphological features corresponded with size-based dietary shifts. For 519 
certain prey items, there were marked trends in prey consumption associated with predator 520 
size. Size was found to be a key factor influencing piscivorous predation behaviour of E. 521 
antarctica (P < 0.05), with larger individuals showing a clear dietary preference for other fish. 522 
At a broader community-level, there was also evidence to suggest predation on Euphausia 523 
superba and copepods are influenced by predator size. Euphausia superba was the largest 524 
prey item found within stomach contents and was preyed upon by all species except K. 525 
anderssoni. Euphausia superba was only consumed by the larger E. antarctica, B. antarcticus 526 
and G. braueri size classes. For these three fish species, size has previously been identified as 527 
a key determinant of diet within the southern Kerguelen Axis and elsewhere in the Southern 528 
Ocean, particularly for E. superba predation (Clarke et al., this issue; Saunders et al., 2015a; 529 
Saunders et al., 2014; Woods et al., in press). Based on these community-level dietary trends, 530 
body size and gape size appear to be good indicators of E. superba predation. These are 531 
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among the most important factors influencing prey consumption, with larger fish possessing a 532 
gape size capable of exploiting larger and more energetically profitable prey items (Karpouzi 533 
and Stergiou, 2003). Given its large size and high energy density relative to other macro-534 
zooplankton (Schaafsma et al., 2018), E. superba can be considered as a high quality prey 535 
item for Southern Ocean mesopelagic fish. These size-based predation trends reaffirm the 536 
importance of E. superba in the diets of Southern Ocean mid-trophic level mesopelagic fish, 537 
and support the notion that mesopelagic fish can provide an important trophic link between E. 538 
superba and predators at higher trophic levels (Shreeve et al., 2009). This can be contrasted to 539 
the predation trend on copepods. Copepods were generally consumed by smaller size classes 540 
across the myctophid and bathylagid size spectrum, and were less important prey items in the 541 
diets of larger individuals. The small size of copepods relative to other macro-zooplankton 542 
may make them less energetically profitable for larger myctophid and bathylagid individuals. 543 
These findings are relevant to understanding size-based dietary shifts of key mesopelagic fish 544 
in the southern Kerguelen Axis, and support evidence for trophic size-structuring in Southern 545 
Ocean food webs.   546 
While larger K. anderssoni did consume heavier prey items, there is little evidence for 547 
a dietary transition from copepods to larger prey items. Rather, this myctophid uniformly 548 
consumed copepods across the sampled size range. This may be attributed to the gape size of 549 
K. anderssoni relative to the other three species. In almost all fish, gape size is regarded as a 550 
key factor limiting the size of prey that can be consumed (Karpouzi and Stergiou, 2003). This 551 
morphological characteristic may therefore inhibit a size-based expansion in foraging niche 552 
for this myctophid. However, given that studies from the Scotia Sea have shown that larger K. 553 
anderssoni take larger sized prey taxa than smaller specimens (Lourenço et al., 2017; 554 
Saunders et al., 2018), it is unlikely gape size alone can explain our dietary findings. The 555 
absence of a clear transition to larger prey items recorded for K. anderssoni could also be 556 
influenced by interspecific competition, or zooplankton assemblages within the southern 557 
Kerguelen Axis during the sampling periods. 558 
 559 
4.4. Sampling considerations 560 
 561 
This study provides the first description of key myctophid and bathylagid diets in the 562 
southern Kerguelen Axis using visual stomach content analysis. The findings of this study, in 563 
conjunction with those presented in Clarke et al. (this issue) and Woods et al. (in press) are 564 
part of a broader research initiative to characterise the trophic interactions of mesopelagic fish 565 
within the southern Kerguelen Axis. Together, they help overcome the limitations of 566 
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individual methods, providing an integrative picture of key mesopelagic fish trophodynamics 567 
in the region. However, it is important to recognise the temporal limitations of these dietary 568 
investigations, with sample collection restricted to a one month period during the summer. 569 
Consequently, there remains little information regarding seasonal variation in diet for the 570 
southern Kerguelen Axis mesopelagic fish community. Studies from the Scotia Sea have 571 
demonstrated the diet of E. antarctica, G. braueri and K. anderssoni does vary throughout the 572 
year, most likely in accordance with seasonal changes in prey distribution, abundance and 573 
behaviour (Lourenço et al., 2017; Saunders et al., 2015a; Saunders et al., 2018; Saunders et 574 
al., 2014). There is clear scope for further investigation into the temporal variations of 575 
mesopelagic fish diets within the southern Kerguelen Axis.  576 
 577 
 578 
5. Conclusions 579 
 580 
The present study provides important information regarding the diet and trophic 581 
interactions of four of the most abundant mesopelagic fish species within the southern 582 
Kerguelen Axis. These predators exploited a diverse range of zooplankton, and there was 583 
notable variation in diet between species. This study has demonstrated the mesopelagic fish 584 
community in the southern Kerguelen Axis play an important role in energy transfer through 585 
both krill-dependant and krill-independent trophic pathways. These trophic relationships are 586 
largely dictated by the regional structure and distribution of the zooplankton prey field. Size 587 
was also found to be a key determinant of diet for these mesopelagic predators, further 588 
supporting size-based dietary shifts and trophic size-structuring in Southern Ocean food webs.  589 
Together, these dietary findings reaffirm Southern Ocean ecosystems are more complex and 590 
diverse than traditionally believed. Dietary information presented here advances our 591 
understanding of mesopelagic components of Southern Ocean food webs, which is ultimately 592 
required to underpin the development of evidence-based resource management decisions.  593 
 594 
 595 
Acknowledgements 596 
 597 
 We thank the captain and crew of the R.S.V Aurora Australis, as well as the 598 
researchers involved in the Kerguelen Axis voyage for their assistance with data collection 599 
and considerable efforts to facilitate this research. This research was supported by the 600 
19 
 
Australian government under the (i) Cooperative Research Centre Program through the 601 
Antarctic Climate and Ecosystems Cooperative Research Centre (ACE CRC), (ii) Australian 602 
Antarctic Science Program (Projects 4343, 4344, 4347 and 4366), and (iii) Australian 603 
Research Council’s Special Research Initiative for Antarctic Gateway Partnership (Project ID 604 
SR140300001).  605 
 606 
 607 
References 608 
 609 
Battaglia, P., Esposito, V., Malara, D., Falautano, M., Castriota, L., Andaloro, F., 2014. Diet of the spothead 610 
lanternfish Diaphus metopoclampus (Cocco, 1829) (Pisces: Myctophidae) in the central Mediterranean Sea, pp. 611 
530-543. 612 
Bestley, S., Raymond, B., Gales, N.J., Harcourt, R.G., Hindell, M., Jonsen, I.D., Nicol, S., Péron, C., Sumner, 613 
M., Weimerskirch, H., Wotherspoon, S.J., Cox, M.J., 2018a. Predicting krill swarm characteristics important for 614 
marine predators foraging off East Antarctica. Ecography 41, 996-1012. 615 
Bestley, S., van Wijk, E., Rosenberg, M., Eriksen, R., Corney, S., Tattersall, K., Rintoul, S., 2018b. Ocean 616 
circulation and frontal structure near the southern Kerguelen Plateau: the physical context for the Kerguelen Axis 617 
ecosystem study. Deep-Sea Research Part II: Topical Studies in Oceanography. 618 
Bocher, P., Cherel, Y., Labat, J.P., Mayzaud, P., Razouls, S., Jouventin, P., 2001. Amphipod-based food web: 619 
Themisto gaudichaudii caught in nets and by seabirds in Kerguelen waters, southern Indian Ocean. Marine 620 
Ecology Progress Series 223, 261-276. 621 
Catul, V., Gauns, M., Karuppasamy, P.K., 2011. A review on mesopelagic fishes belonging to family 622 
Myctophidae. Reviews in Fish Biology & Fisheries 21, 339-354. 623 
Cherel, Y., Fontaine, C., Richard, P., Labat, J.P., 2010. Isotopic niches and trophic levels of myctophid fishes 624 
and their predators in the Southern Ocean. Limnology and Oceanography 55, 324-332. 625 
Clarke, L.J., Trebilco, R., Walters, A., Polanowski, A.M., Deagle, B., this issue. DNA-based diet analysis of 626 
mesopelagic fish from the southern Kerguelen Axis. Deep-Sea Research Part II: Topical Studies in 627 
Oceanography. 628 
Collins, M.A., Xavier, J.C., Johnston, N.M., North, A.W., Enderlein, P., Tarling, G.A., Waluda, C.M., Hawker, 629 
E.J., Cunningham, N.J., 2008. Patterns in the distribution of myctophid fish in the northern Scotia Sea 630 
ecosystem. Polar Biology 31, 837-851. 631 
Connan, M., Cherel, Y., Mayzaud, P., 2007. Lipids from stomach oil of procellariiform seabirds document the 632 
importance of myctophid fish in the Southern Ocean. Limnology and Oceanography 52, 2445-2455. 633 
Connan, M., Mayzaud, P., Cherel, Y., Duhamel, G., Bonnevie, B.T., 2010. Fatty acid signature analysis 634 
documents the diet of five myctophid fish from the Southern Ocean. Marine Biology 157, 2303-2316. 635 
Cortés, E., 1997. A critical review of methods of studying fish feeding based on analysis of stomach contents: 636 
application to elasmobranch fishes. Canadian Journal of Fisheries and Aquatic Sciences 54, 726-738. 637 
Donnelly, J., Torres, J.J., Hopkins, T.L., Lancraft, T.M., 1990. Proximate composition of Antarctic mesopelagic 638 
fishes. Marine Biology 106, 13-23. 639 
Duhamel, G., Hulley, P., Causse, R., Koubbi, P., Vacchi, M., Pruvost, P., Vigetta, S., Irisson, J., Mormède, S., 640 
Belchier, M., 2014. Biogeographic atlas of the Southern Ocean. Cambridge: Scientific Committee on Antarctic 641 
Research, 328-362. 642 
Duhamel, G., Koubbi, P., Ravier, C., 2000. Day and night mesopelagic fish assemblages off the Kerguelen 643 
Islands (Southern Ocean). Polar Biology 23, 106-112. 644 
Gaskett, A.C., Bulman, C., He, X., Goldsworthy, S.D., 2001. Diet composition and guild structure of 645 
mesopelagic and bathypelagic fishes near Macquarie Island, Australia. New Zealand Journal of Marine and 646 
Freshwater Research 35, 469-476. 647 
Gjosaeter, J., Kawaguchi, K., 1980. A review of the world resources of mesopelagic fish. FAO Fisheries 648 
Technical Paper 193, 1-151. 649 
Goldsworthy, S.D., Lewis, M., Williams, R., He, X., Young, J.W., van den Hoff, J., 2002. Diet of Patagonian 650 
toothfish (Dissostichus eleginoides) around Macquarie Island, South Pacific Ocean. Marine and Freshwater 651 
Research 53, 49-57. 652 
Gorelova, T.A., Efremenko, V.N., 1989. On the food composition of the larvae of two species of lantern 653 
anchovies (Myctophidae) from the Scotia Sea. J Ichthyol 29, 106–109. 654 
Hansson, S., 1998. Methods of studying fish feeding: a comment. Canadian Journal of Fisheries and Aquatic 655 
Sciences 55, 2706-2707. 656 
20 
 
Hays, G.C., 2003. A review of the adaptive significance and ecosystem consequences of zooplankton diel 657 
vertical migrations. Hydrobiologia 503, 163-170. 658 
Hill, S.L., Keeble, K., Atkinson, A., Murphy, E.J., 2012. A foodweb model to explore uncertainties in the South 659 
Georgia shelf pelagic ecosystem. Deep-Sea Research Part II: Topical Studies in Oceanography 59-60, 237-252. 660 
Hopkins, T.L., Torres, J.J., 1989. Midwater food web in the vicinity of a marginal ice zone in the western 661 
Weddell Sea. Deep-Sea Research Part A. Oceanographic Research Papers 36, 543-560. 662 
Hudson, J.M., Steinberg, D.K., Sutton, T.T., Graves, J.E., Latour, R.J., 2014. Myctophid feeding ecology and 663 
carbon transport along the northern Mid-Atlantic Ridge. Deep-Sea Research Part I: Oceanographic Research 664 
Papers 93, 104-116. 665 
Hulley, P., Duhamel, G., 2011. Aspects of lanternfish distribution in the Kerguelen Plateau region, in: Duhamel, 666 
G., Welsford, D. (Eds.), The Kerguelen Plateau: marine ecosystems and fisheies, pp. 183-195. 667 
Hunt, B.P.V., Hosie, G.W., 2005. Zonal structure of zooplankton communities in the Southern Ocean South of 668 
Australia: results from a 2150km continuous plankton recorder transect. Deep-Sea Research Part I: 669 
Oceanographic Research Papers 52, 1241-1271. 670 
Hyslop, E.J., 1980. Stomach contents analysis - a review of methods and their application. Journal of Fish 671 
Biology 17, 411. 672 
Irigoien, X., Klevjer, T.A., Røstad, A., Martinez, U., Boyra, G., Acuña, J.L., Bode, A., Echevarria, F., Gonzalez-673 
Gordillo, J.I., Hernandez-Leon, S., Agusti, S., Aksnes, D.L., Duarte, C.M., Kaartvedt, S., 2014. Large 674 
mesopelagic fishes biomass and trophic efficiency in the open ocean. Nature Communications 5, 3271. 675 
Karpouzi, V.S., Stergiou, K.I., 2003. The relationships between mouth size and shape and body length for 18 676 
species of marine fishes and their trophic implications. Journal of Fish Biology 62, 1353-1365. 677 
Koubbi, P., Hulley, P., Pruvost, P., Henri, P., Labat, J.P., Wadley, V., Hirano, D., Moteki, M., 2011a. Size 678 
distribution of meso- and bathypelagic fish in the Dumont d’Urville Sea (East Antarctica) during the 679 
CEAMARC surveys. Polar Science 5, 195-210. 680 
Koubbi, P., Moteki, M., Duhamel, G., Goarant, A., Hulley, P., O’Driscoll, R., Ishimaru, T., Pruvost, P., 681 
Tavernier, E., Hosie, G., 2011b. Ecoregionalization of myctophid fish in the Indian sector of the Southern 682 
Ocean: results from generalized dissimilarity models. Deep-Sea Research Part II 58, 170-180. 683 
Kozlov, A.N., 1995. A review of the trophic role of mesopelagic fish of the family Myctophidae in the Southern 684 
Ocean ecosystem. CCAMLR Science 2, 71-77. 685 
Kozlov, A.N., Tarverdiyeva, M.I., 1989. Feeding of different species of Myctophidae in different parts of the 686 
Southern Ocean. J Ichthyol 29, 160–167. 687 
Lancraft, T.M., Hopkins, T.L., Torres, J.J., Donnelly, J., 1991. Oceanic micronektonic/macrozooplanktonic 688 
community structure and feeding in ice covered Antarctic waters during the winter (AMERIEZ 1988). Polar 689 
Biology 11, 157-167. 690 
Lea, M.A., Guinet, C., Cherel, Y., Duhamel, G., Dubroca, L., Pruvost, P., Hindell, M., 2006. Impacts of climatic 691 
anomalies on provisioning strategies of a Southern Ocean predator. Marine Ecology Progress Series 310, 77–94. 692 
Lea, M.A., Nichols, P.D., Wilson, G., 2002. Fatty acid composition of lipid-rich myctophids and mackerel 693 
icefish (Champsocephalus gunnari) – Southern Ocean food-web implications. Polar Biology 25, 843-854. 694 
Lehodey, P., Conchon, A., Senina, I., Domokos, R., Calmettes, B., Jouanno, J., Hernandez, O., Kloser, R., 2015. 695 
Optimization of a micronekton model with acoustic data. ICES Journal of Marine Science 72, 1399-1412. 696 
Lourenço, S., Assis, C.A., Xavier, J.C., Saunders, R.A., Shreeve, R.S., Belchier, M., Watkins, J.L., Collins, M., 697 
2017. Life cycle, distribution and trophodynamics of the lanternfish Krefftichthys anderssoni (Lönnberg, 1905) 698 
in the Scotia Sea. Polar Biology 40, 1229-1245. 699 
Murphy, E.J., Cavanagh, R.D., Hofmann, E.E., Hill, S.L., Constable, A.J., Costa, D.P., Pinkerton, M.H., 700 
Johnston, N.M., Trathan, P.N., Klinck, J.M., Wolf-Gladrow, D.A., Daly, K.L., Maury, O., Doney, S.C., 2012. 701 
Developing integrated models of Southern Ocean food webs: including ecological complexity, accounting for 702 
uncertainty and the importance of scale. Progress in Oceanography 102, 74-92. 703 
Murphy, E.J., Thorpe, S.E., Tarling, G.A., Watkins, J.L., Fielding, S., Underwood, P., 2017. Restricted regions 704 
of enhanced growth of Antarctic krill in the circumpolar Southern Ocean. Scientific Reports 7, 6963. 705 
Murphy, E.J., Watkins, J.L., Trathan, P.N., Reid, K., Meredith, M.P., Thorpe, S.E., Johnston, N.M., Clarke, A., 706 
Tarling, G.A., Collins, M.A., Forcada, J., Shreeve, R.S., Atkinson, A., Korb, R., Whitehouse, M.J., Ward, P., 707 
Rodhouse, P.G., Enderlein, P., Hirst, A.G., Martin, A.R., Hill, S.L., Staniland, I.J., Pond, D.W., Briggs, D.R., 708 
Cunningham, N.J., Fleming, A.H., 2007. Spatial and temporal operation of the Scotia Sea ecosystem: a review of 709 
large-scale links in a krill centred food web. Philosophical Transactions: Biological Sciences 362, 113-148. 710 
Murtagh, F., Legendre, P., 2014. Ward’s hierarchical agglomerative clustering method: which algorithms 711 
implement Ward’s criterion? . Journal of Classification 31, 274–295. 712 
Naumov, A., Svetlov, M.F., Kozlov, A.N., Pinskaya, I.A., 1981. Some features of the distribution and feeding of 713 
Electrona carlsbergi (Taning) (Myctophidae) in the Scotia Sea. J Ichthyol 21, 467-472. 714 
Nicol, S., Raymond, B., 2012. Pelagic ecosystems in the waters off East Antarctica (30° E–150° E), in: Rogers, 715 
A.D., Johnston, N.M., Murphy, E.J., Clarke, A. (Eds.), Antarctic ecosystems: an extreme environment in a 716 
changing world. Wiley-Blackwell, pp. 243-254. 717 
21 
 
Pakhamov, E.A., Perissinotto, R., McQuaid, C.D., 1996. Prey composition and daily rations of myctophid fishes 718 
in the Southern Ocean. Marine Ecology Progress Series 134, 1-14. 719 
Pauly, D., Trites, A.W., Capuli, E., Christensen, V., 1998. Diet composition and trophic levels of marine 720 
mammals. ICES Journal of Marine Science 55, 467–481. 721 
Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., Team., R.C., 2018. nlme: linear and nonlinear mixed effects 722 
models. 723 
Pinkas, L., Oliphant, M., Iverson, I., 1971. Food habits of albacore, bluefin tuna, and bonito in California waters. 724 
Calif Fish Game 152, 1-105. 725 
Proud, R., Handegard, N.O., Kloser, R.J., Cox, M.J., Brierley, A.S., 2018. From siphonophores to deep 726 
scattering layers: uncertainty ranges for the estimation of global mesopelagic fish biomass. ICES Journal of 727 
Marine Science 76, 2019. 728 
Pusch, C., Hulley, P., Kock, K.H., 2004. Community structure and feeding ecology of mesopelagic fishes in the 729 
slope waters of King George Island (South Shetland Islands, Antarctica). Deep-Sea Research Part I 51, 1685-730 
1708. 731 
R Core Team, 2017. R: A language and environment for statistical computing. R Foundation for Statistical 732 
Computing, Vienna, Austria. 733 
Rowedder, U., 1979. Feeding ecology of the myctophid Electrona antarctica (Gunther, 1878) (Teleostei). 734 
Meeresforschung 27, 252–263. 735 
Saunders, R.A., Collins, M., Ward, P., Stowasser, G., Shreeve, R.S., Tarling, G.A., 2015a. Distribution, 736 
population structure and trophodynamics of Southern Ocean Gymnoscopelus (Myctophidae) in the Scotia Sea. 737 
Polar Biology 38, 287-308. 738 
Saunders, R.A., Collins, M.A., Shreeve, R.S., Ward, P., Stowasser, G., Hill, S.L., Tarling, G.A., 2018. Seasonal 739 
variation in the predatory impact of myctophids on zooplankton in the Scotia Sea (Southern Ocean). Progress in 740 
Oceanography 168, 123-144. 741 
Saunders, R.A., Collins, M.A., Ward, P., Stowasser, G., Hill, S.L., Shreeve, R.S., Tarling, G.A., 2015b. 742 
Predatory impact of the myctophid fish community on zooplankton in the Scotia Sea (Southern Ocean). Marine 743 
Ecology Progress Series 541, 45-64. 744 
Saunders, R.A., Foster, E., Shreeve, R.S., Stowasser, G., Ward, P., Tarling, G.A., Collins, M.A., 2014. The 745 
trophodynamics of Southern Ocean Electrona (Myctophidae) in the Scotia Sea. Polar Biology 37, 789-807. 746 
Saunders, R.A., Ward, P., Stowasser, G., Shreeve, R.S., Tarling, G.A., Collins, M.A., 2015c. Trophodynamics of 747 
Protomyctophum (Myctophidae) in the Scotia Sea (Southern Ocean). Journal of Fish Biology 87, 1031-1058. 748 
Schaafsma, F.L., Cherel, Y., Flores, H., van Franeker, J.A., Lea, M.A., Raymond, B., van de Putte, A., 2018. 749 
Review: the energetic value of zooplankton and nekton species of the Southern Ocean. Marine Biology 165, 129. 750 
Schallenberg, C., Bestley, S., Klocker, A., Trull, T.W., Davies, D.M., Gault-Ringold, M., Eriksen, R., Roden, 751 
N.P., Sander, S.G., Sumner, M., Townsend, A.T., Merwe, P., Westwood, K., Wuttig, K., Bowie, A., 2018. 752 
Sustained upwelling of subsurface iron supplies seasonally persistent phytoplankton blooms around the southern 753 
Kerguelen Plateau, Southern Ocean. Journal of Geophysical Research: Oceans 123, 5986-6003. 754 
Shreeve, R.S., Collins, M.A., Tarling, G.A., Main, C.E., Ward, P., Johnston, N.M., 2009. Feeding ecology of 755 
myctophid fishes in the northern Scotia Sea. Marine Ecology Progress Series 386, 221-236. 756 
Silk, J.R.D., Thorpe, S.E., Fielding, S., Murphy, E.J., Trathan, P.N., Watkins, J.L., Hill, S.L., 2016. 757 
Environmental correlates of Antarctic krill distribution in the Scotia Sea and southern Drake Passage. ICES 758 
Journal of Marine Science 73, 2288-2301. 759 
St. John, M.A., Borja, A., Chust, G., Heath, M., Grigorov, I., Mariani, P., Martin, A.P., Santos, R.S., 2016. A 760 
dark hole in our understanding of marine ecosystems and their services: perspectives from the mesopelagic 761 
community. Frontiers in Marine Science 3. 762 
Stowasser, G., Atkinson, A., McGill, R.A.R., Phillips, R.A., Collins, M.A., Pond, D.W., 2012. Food web 763 
dynamics in the Scotia Sea in summer: a stable isotope study. Deep-Sea Research Part II, Topical Studies in 764 
Oceanography 59, 208-221. 765 
Trebilco, R., Walters, A., Bestley, S., Cox, M.J., Gasteur, S., Sumner, M., Constable, A., in press. Mesopelagic 766 
community structure on the southern Kerguelen Axis, in: Welsford, D., Dell, J., Duhamel, G. (Eds.), Proceedings 767 
of the 2nd Kerguelen Plateau Marine Ecosystem and Fisheries Symposium. 768 
Van de Putte, A., Flores, H., Volckaert, F., van Franeker, J.A., 2006. Energy content of Antarctic mesopelagic 769 
fishes: implications for the marine food web. Polar Biology 29, 1045-1051. 770 
Ward-Campbell, B.M., Beamish, F.W., Kongchaiya, C., 2005. Morphological characteristics in relation to diet in 771 
five coexisting Thai fish species. Blackwell Publishing Ltd, Great Britain, p. 1266. 772 
Ward, P., Atkinson, A., Tarling, G.A., 2012a. Mesozooplankton community structure and variability in the 773 
Scotia Sea: a seasonal comparison. Deep-Sea Research Part II: Topical Studies in Oceanography 59, 78-92. 774 
Ward, P., Atkinson, A., Venables, H.J., Tarling, G.A., Whitehouse, M.J., Fielding, S., Collins, M.A., Korb, R., 775 
Black, A., Stowasser, G., Schmidt, K., Thorpe, S.E., Enderlein, P., 2012b. Food web structure and bioregions in 776 
the Scotia Sea: a seasonal synthesis. Deep-Sea Research Part II 59, 253-266. 777 
22 
 
Weatherall, P., Marks, K.M., Jakobsson, M., Schmitt, T., Tani, S., Arndt, J.E., Rovere, M., Chayes, D., Ferrini, 778 
V., Wigley, R., 2015. A new digital bathymetric model of the world's oceans. Earth and Space Science 2, 331-779 
345. 780 
Williams, R., Hunt, B.P.V., Davenport, S.R., Lamb, T.D., 2011. Population structure, feeding biology and 781 
predation impact of midwater fishes in predator feeding areas around Heard and McDonald Islands, Southern 782 
Indian Ocean, in: Duhamel, G., Welsford, D. (Eds.), The Kerguelen Plateau: marine ecosystem and fisheries. 783 
Société Française d’Ichtyologie, Paris, pp. 181-182. 784 
Woods, B., Trebilco, R., Walters, A., Hindell, M., in press. Isotopic niches of mesopelagic fish on the southern 785 
Kerguelen Axis: variation and overlap, Proceedings of the 2nd Kerguelen Plateau Marine Ecosystem and 786 
Fisheries Symposium. 787 
Young, J.W., Hunt, B.P.V., Cook, T.R., Llopiz, J.K., Hazen, E.L., Pethybridge, H.R., Ceccarelli, D., Lorrain, A., 788 
Olson, R.J., Allain, V., Menkes, C., Patterson, T., Nicol, S., Lehodey, P., Kloser, R.J., Arrizabalaga, H., Choy, 789 
C.A., 2015. The trophodynamics of marine top predators: current knowledge, recent advances and challenges. 790 
Deep-Sea Research Part II: Topical Studies in Oceanography 113, 170-187. 791 
  792 
23 
 
6. Supplementary Material 793 
 794 
6.1. Supplementary. A – Size-structured predation 795 
 796 
6.2. Supplementary. B – Species gape:length linear model 797 
 798 
6.3. Supplementary. C – Community-level linear mixed models  799 
 800 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
24 
 
Tables 801 
Table 1. Dietary composition of E. antarctica. Percent abundance (%N), weight (%W), 802 
frequency of occurrence (%FO) and index of relative importance (%IRI) of each prey item in 803 
the northern and southern survey area are provided. Sums (%IRIDC) are given for prey 804 
categories. See ‘Methods’ for calculation of %IRI. The highest values for each dietary metric 805 
are in bold text. Important results are also shaded. Note that %FO and %IRI are not additive, 806 
and that grouping prey into categories influences IRIDC values.   807 
 
        Electrona antarctica       
Survey Area   South       North   
SL range (mm)   51-105       46-116   
No. of Fish examined   74       42   
No. of non-empty stomachs   53       38   
  %N %FO %W %IRI   %N %FO %W %IRI 
Amphipoda 
Cyllopus lucasi 1.4 2.4 2.4 0.4 - - - - 
Cyllopus spp. - - - - 0.5 1.7 2.6 0.2 
Hyperia spp. 0.7 1.2 0.2 0.0 - - - - 
Primno macropa 2.2 2.4 1.7 0.4 - - - - 
Themisto gaudichaudii 30.2 23.8 28.6 61.7 5.7 10.3 13.9 8.9 
Unidentified amphipod - - - - 1.0 3.4 0.8 0.3 
Total 34.5 29.7 32.9 52.2 9.3 2.2 2.5 18.2 
Chordata 
Unidentified fish 7.9 13.1 10.9 10.9 7.3 24.1 46.9 57.2 
Total 7.9 13.1 10.9 6.4 7.3 24.1 46.9 30.5 
Copepoda 
Calanoida spp. 18.7 2.4 1.2 2.1 - - - - 
Calanus propinquus 3.6 4.8 2.1 1.2 - - - - 
Calanus simillimus 2.9 3.6 0.6 0.5 17.6 5.2 2.2 4.5 
Calanus spp. 1.4 1.2 0.2 0.1 - - - - 
Euchirella spp. 0.7 1.2 0.2 0.0 - - - - 
Metridia spp. - - - - 0.5 1.7 0.4 0.1 
Paraeuchaeta antarctica - - - - 0.5 1.7 0.2 0.1 
Paraeuchaeta exigua 0.7 1.2 0.2 0.0 - - - - 
Pleuromamma spp. - - - - 0.5 1.7 1.1 0.1 
Rhinacalanus gigas 0.7 1.2 0.0 0.0 46.6 6.9 5.1 15.6 
Stephos longipes - - - - 1.0 1.7 0.4 0.1 
Unidentified copepod 0.7 1.2 0.2 0.0 4.1 3.4 1.0 0.8 
Total 29.4 16.6 4.5 14.7 70.9 22.4 10.2 42.6 
Decapoda (Crustacean) 
Unidentified decapod 0.7 1.2 0.1 0.0 0.5 1.7 0.4 0.1 
Total 0.7 1.2 0.1 0.0 0.5 1.7 0.4 0.0 
Euphausiacea 
Euphausia frigida - - - - 0.5 1.7 0.3 0.1 
Euphausia superba 3.6 6.0 35.8 10.3 0.5 1.7 4.8 0.4 
Euphausia tricantha 0.7 1.2 1.2 0.1 - - - - 
Thysanoessa macrura 4.3 6.0 2.4 1.8 5.2 6.9 3.7 2.7 
Unidentified euphausiid 1.4 2.4 0.6 0.2 1.0 3.4 1.0 0.3 
Total 10.0 15.4 40.0 20.15 7.2 13.7 9.6 5.4 
Isopoda 
Unidentified isopod 0.7 1.2 0.9 0.1 - - - - 
25 
 
Total 0.7 1.2 0.9 0.0 
Ostracoda 
Unidentified ostracod 0.7 1.2 0.2 0.0 - - - - 
Total 0.7 1.2 0.2 0.0 
Gastropoda 
Clio piatkowskii 1.4 1.2 0.2 0.1 - - - - 
Unidentified gastropod 1.4 2.4 2.8 0.4 - - - - 
Total 2.8 3.6 3.0          0.8 - - - - 
Unidentified Crustacean 
Unidentified crustacean 2.9 3.6 1.8 0.7 3.6 12.1 6.6 5.4 
Total 2.9 3.6 1.8 0.43 3.6 12.1 6.6 2.8 
Unidentified Prey 
Unidentified 9.4 13.1 5.5 8.6 1.0 3.4 0.8 0.3 
Total 9.4 13.1 5.5 5.1 1.0 3.4 0.8 0.2 
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Table 2. Dietary composition of G. braueri. Results presented as in Table 1.   809 
 
        Gymnoscopelus       
        braueri       
Survey Area   South       North   
SL range (mm)   74-149       70-151   
No. of Fish examined   31       43   
No. of non-empty stomachs    26       35   
  %N %FO %W  %IRI    %N %FO %W %IRI 
Amphipoda                   
Primno macropa        -          -          -           -           1.5       2.2       1.0       0.1  
Themisto gaudichaudii      6.5       6.9       4.2        2.0    
   61.5    53.3    67.2    94.7  
Unidentified amphipod        -          -          -           -             -          -          -          -   
Vibilia antarctica      3.2       3.4       0.4        0.3            -          -          -          -   
Total 9.7 10.3 4.7 1.7 63.0 55.5 68.2 87.8 
Chordata                   
Unidentified fish      9.7     10.3       0.7        3.0          4.6       6.7       2.2       0.6  
Total 9.7 10.3 0.7 1.2 4.6 6.7 2.2 0.5 
Copepoda                   
Rhinacalanus gigas        -          -          -           -           1.5       2.2       0.5       0.1  
Total        -          -          -           -   1.5 2.2 0.5 0.5 
Decapoda (Crustacean)                   
Unidentified decapod      3.2       3.4     15.4        1.8            -          -          -          -   
Total 3.2 3.4 15.4 0.7         -          -          -          -   
Euphausiacea                   
Euphausia frigida        -          -          -           -           4.6       6.7       6.3       1.0  
Euphausia superba 
  25.8    24.1    52.8     52.1            -          -          -          -   
Thysanoessa macrura    22.6  
  24.1     14.1      24.3        10.8       8.9       5.3       2.0  
Triacantha euphausia        -          -          -           -           1.5       2.2       2.7       0.1  
Unidentified euphausiid    12.9     10.3       3.5        4.6          4.6       4.4       4.8       0.6  
Total 61.3 58.6 70.3 91.1 21.2 22.2 19.0 10.8 
Isopoda                   
Unidentified isopod        -          -          -           -           1.5       2.2       3.9       0.2  
Total        -          -          -           -   1.5 2.2 3.9 0.1 
Gastropoda                   
Clio piatkowskii        -          -          -           -           3.1       4.4       3.6       0.4  
Total        -          -          -           -   3.1 4.4 3.6 0.3 
Unidentified Crustacean                   
Unidentified crustacean    16.1     17.2       8.8      11.8          1.5       2.2       1.9       0.1  
Total 16.1 17.2 8.8 5.0 1.5 2.2 1.9 0.1 
Unidentified Prey                   
Unidentified        -          -          -           -           3.1       4.4       0.6       0.2  
Total        -          -          -           -   3.1 4.4 0.6 0.2 
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Table 3. Dietary composition of K. anderssoni. Results presented as in Table 1.   811 
 
    
    Krefftichthys anderssoni     
Survey Area   South       North   
    K. anderssoni       K. anderssoni   
SL range (mm)   40-76       41-79   
No. of Fish examined   9       54   
No. of non-empty stomachs   6       45   
  %N %FO %W %IRI   %N %FO %W %IRI 
Amphipoda                   
Themisto gaudichaudii      5.9     16.7       4.3       4.7           -          -          -          -   
Unidentified amphipod        -          -          -          -          0.2       1.3       0.3       0.0  
Total 5.9 16.7 4.3 3.1 0.2 1.3 0.3 0.0 
Chaetognatha                   
Chaetognath spp.        -          -          -          -          0.2       1.3       0.2       0.0  
Total        -          -          -          -   0.2 1.3 0.2 0.0 
Chordata                   
Unidentified fish        -          -          -          -          0.5       3.9       1.1       0.2  
Total        -          -          -          -   0.5 3.9 1.1 0.5 
Copepoda                   
Calanus propinquus        -          -          -          -          7.3       6.6       6.5       2.9  
Calanoides acutus        -          -          -          -          1.4       3.9       2.3       0.5  
Calanus simillimus        -          -          -          -          0.7       2.6       0.5       0.1  
Calanus spp.        -          -          -          -          3.8       6.6       1.7       1.2  
Metridia spp.        -          -          -          -          0.7       5.3       2.4       0.5  
Pleuromamma spp.        -          -          -          -          0.5       1.3       0.2       0.0  
Rhinacalanus gigas        -          -          -          -     
  40.8     18.4    32.5    42.9  
Stephos longipes        -          -          -          -          0.7       2.6       0.4       0.1  
Unidentified copepod    23.5     16.7  
  45.6     31.9       34.5    19.7     21.7     35.2  
Total 23.5 16.7 45.6 21.5 90.4 67.1 68.1 94.4 
Euphausiacea                   
Euphausia frigida        -          -          -          -          0.2       1.3       0.5       0.0  
Euphausia superba        -          -          -          -            -          -          -          -   
Thysanoessa macrura 
  52.9     16.7     34.2    40.3         7.1     14.5     27.1     15.8  
Triacantha euphausia        -          -          -          -            -          -          -          -   
Unidentified Euphausiid      5.9     16.7     11.4       8.0         0.2       1.3       0.1       0.0  
Total 58.8 33.3 45.5 65.1 7.4 17.1 27.7 5.3 
Unidentified Crustacean                   
Unidentified crustacean    11.8  
  33.3       4.6     15.1         0.7       5.3       1.8       0.4  
Total 11.8 33.3 4.6 10.1 0.7 5.3 1.8 0.1 
Unidentified Prey                   
Gelatinous prey        -          -          -          -          0.5       3.9       0.7       0.2  
Total        -          -          -          -   0.5 3.9 0.7 0.0 
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Table 4. Dietary composition of B. antarcticus. Results presented as in Table 1.   813 
 
    
    Bathylagus antarcticus     
Survey Area   South       North   
SL range (mm)   60-181       49-169   
No. of Fish examined   51       68   
No. of non-empty stomachs   17       22   
  %N %FO %W  %IRI    %N %FO %W %IRI 
Amphipoda                   
Cyllopus magellanicus      4.2       4.5       1.4       0.9           -          -          -          -   
Themisto gaudichaudii      8.3       4.5       2.4       1.7           -          -          -          -   
Unidentified amphipod        -          -          -          -          3.6       3.7       0.7       0.6  
Vibilia antarctica      4.2       4.5       2.0       0.9         3.6       3.7       0.1       0.5  
Total 16.7 13.6 5.7 7.8 7.1 7.4 0.8 1.8 
Chaetognatha                   
Chaetognath spp.        -          -          -          -          3.6       3.7       4.8       1.1  
Total        -          -          -          -   3.6 3.7 4.8 1.0 
Chordata                   
Salpa thompsoni         -          -          -          -        14.3     14.8     17.4     17.0  
Unidentified fish      4.2       4.5       0.1       0.7           -          -          -          -   
Total 4.2 4.5 0.1 0.5 14.3 14.8 17.4 14.7 
Copepoda                 
Rhinacalanus gigas        -          -          -          -          3.6       3.7       0.1       0.5  
Stephos longipes      8.3       4.5       0.0       1.3           -          -          -          -   
Unidentified copepod        -          -          -          -            -          -          -          -   
Total 8.3 4.5 0.0 0.97 3.6 3.7 0.1 0.42 
Decapoda (Crustacean)                   
Lebbeus antarcticus      4.2       4.5     13.3       2.7           -          -          -          -   
Unidentified decapod      8.3       9.1       7.0       4.7           -          -          -          -   
Total 12.5 13.6 20.3 11.5        -          -          -          -   
Euphausiacea                   
Euphausia superba 
  25.0    27.3    53.8    72.8           -          -          -          -   
Thysanoessa macrura        -          -          -          -        14.3     11.1  
  23.3     15.2  
Unidentified Euphausiid      4.2       4.5       1.7       0.9         7.1       7.4       4.8       3.2  
Total 29.1 31.8 55.4 68.9 21.4 18.5 28.1 28.7 
Polychaeta                   
Tomopteris carpenteri      8.3       9.1       5.0       4.1       10.7     11.1     24.9     14.4  
Total 8.3 9.1 5.0 3.1 10.7 11.1 24.9 12.4 
Unidentified Crustacean                   
Unidentified crustacean      8.3       9.1     10.2       5.7       17.9     18.5       8.1     17.4  
Total 8.3 9.1 10.2 4.3 17.9 18.5 8.1 15.03 
Unidentified Prey                   
Gelatinous prey        -          -          -          -     
  21.4    22.2     15.8    30.0  
Unidentified      4.2       4.5       2.8       1.1           -          -          -          -   
Total 4.2 4.5 2.8 0.1 21.4 22.2 15.8 25.9 
Siphonophorae                   
Unidentified siphonophore      8.3       9.1       0.4       2.7           -          -          -          -   
Total 8.3 9.1 0.4 2.0        -          -          -          -   
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Table B.1. Summary from the linear model investigating the relationship between standard 815 
length (mm) and gape size (cm2) for myctophid and bathylagid species. The model was 816 
configured using Krefftichthys anderssoni as the reference level. 817 
Species 
 
Coefficient 
 
± S.E. t-value 
 
P-value 
Intercept 
  
   Krefftichthys anderssoni -12.19 ±1.66 -7.35 <0.001 
   Bathylagus antarcticus -0.18 ±1.85 -0.10 0.92 
   Electrona antarctica 1.65 ±1.79 0.92 0.36 
   Gymnoscopelus braueri 2.88 ±2.12 1.35 0.18 
Slope 
  
   Krefftichthys anderssoni 2.33 ±0.39 5.92 <0.001 
   Bathylagus antarcticus -0.10 ±0.43 -0.24 0.81 
   Electrona antarctica -0.32 ±0.42 -0.76 0.45 
   Gymnoscopelus braueri -0.55 ±0.49 -1.13 0.26 
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Table C.1. Results from community-level linear mixed models investigating the relationship 819 
between prey weight and predator weight for the mesopelagic fish community in the southern 820 
Kerguelen Axis. Models are configured using different random effects structures, where A/B 821 
indicates B is nested within A. Shown for each model are the corresponding AIC values; 822 
estimated coefficients for the fixed-effects; and the estimated S.D. for the variance of the 823 
random-effects and the residual components. Models were fitted using restricted maximum 824 
likelihood (REML).  825 
Model Fixed Effects Random Effects AIC 
Coefficient 
± S.E. 
R.E. 
variance 
 
Residual 
variance 
 
1 Predator weight Predator species/Prey category 1089 0.25±0.10 0.08 1.11 
2 Predator weight Predator species/Sample ID  1120 0.39±0.10 0.57 1.11 
3 Predator weight Location[N-S]/Predator species 1124 0.37±0.10 0.18 1.24 
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Figure captions 826 
 827 
Fig. 1. Kerguelen Axis survey across the southern Kerguelen Plateau in the Indian sector of 828 
the Southern Ocean. Major oceanographic fronts (Bestley et al., 2018b) include: the 829 
Southern Antarctic Circumpolar Circulation Front (SACCF), the Southern Boundary (SB) of 830 
the ACC, the Antarctic Slope Front (ASF), as well as the Fawn Trough Current 831 
(FTC). MIDOC net sampling stations 23, 22 and 20 (red circles) are located north of the 832 
SACCF, and are referred to as northern stations, whilst MIDOC stations 18, 17 and 16 (blue 833 
circles) are located south of the SB and are referred to as southern stations. The cruise track is 834 
indicated by the white line. Background displays bathymetry (Weatherall et al., 2015) at 500 835 
m intervals, with 2000 m and 3000 m isobaths highlighted (white contours). Major 836 
geographical features are named, with the Antarctic continent and major ice features shown 837 
in grey and white, respectively. PET: Princess Elizabeth Trough. Inset panel locates the study 838 
region (black box) off East Antarctica. 839 
 840 
Fig. 2. Body size frequency (standard length, mm) of individual E. antarctica (n = 116), G. 841 
braueri (n = 74), K. anderssoni (n = 63) and B. antarcticus (n = 119) from which stomachs 842 
were sampled. Shading represents northern and southern stations, as per Fig. 1.  843 
 844 
Fig. 3. Relationship between standard length (mm) and gape size (cm2) for myctophid and 845 
bathylagid species, with lines indicating gape slope. Note the log-log axes. Colours for both 846 
plots represent B. antarcticus (black), E. antarctica (red), G. braueri (blue) and K. anderssoni 847 
(green).  848 
 849 
Fig. 4. Left column plots (a) display the relationship between diet composition (expressed as 850 
%IRIDC) and total fish body size (standard length, mm) for each of the four mesopelagic fish 851 
species examined. Coloured points represent different prey categories, with each point 852 
representing the %IRIDC value of a prey item to the fish species across the entire survey area, 853 
as per Fig.1. Corresponding coloured lines indicate the regression fit to the observations. 854 
COP: Copepods, AMP: Amphipods, FSH: Fish, OTH: Other taxa (predominantly salps, 855 
polychaetes and unidentified crustaceans and gelatinous prey), EUP: Euphausiids other than 856 
Euphausia superba, KRI: Euphausia superba. Right column plots (b) show the relationship 857 
between individual prey size (expressed as weight, g) in the stomachs of mesopelagic fish 858 
examined and fish size (expressed as body mass, g). Prey items with a recorded weight < 859 
0.001 g are excluded. Note the log-log axes. The dashed black lines represent the regression 860 
fit to the observations, and the grey shaded area indicate the 95% confidence intervals of the 861 
regression. Prey categories are outlined as in (a). 862 
 863 
Fig. 5. Cluster diagram (group average) based on Bray-Curtis dissimilarity for the diets (%IRI 864 
data) of myctophid and bathylagid species within the northern and southern survey area. Each 865 
species is separated into a small and large size class (standard length, mm). Groupings are 866 
separated into trophic guilds by the horizontal dashed line at a 57% dissimilarly level. BA: B. 867 
antarcticus, GB: G. braueri, KA: K. anderssoni, EA: E. antarctica. South: Southern stations 868 
(16, 17 and 18); North: Northern stations (20, 22 and 23). S: Small size classes, L: Large size 869 
32 
 
classes. The legend indicates species size class divisions. See Fig. 2 for proportions of 870 
northern and southern size classes for each species.  871 
 872 
Fig. 6. Heat map illustrating the IRIDC of (a) prey categories to myctophid and bathylagid 873 
predators across the entire survey area. KA: K. anderssoni, GB: G. braueri, EA: E. 874 
antarctica, BA: B. antarcticus. AMP: Amphipods, COP: Copepods, EUP: Euphausiids other 875 
than Euphausia superba, FSH: Fish, KRI: Euphausia superba, OTH: Other taxa 876 
(predominantly salps, polychaetes and unidentified crustaceans and gelatinous prey) (b) prey 877 
categories across a north-to-south latitudinal gradient, sampling station 16 being the 878 
southernmost station and station 23 being the northernmost station. Prey categories are 879 
outlined as in (a). 880 
 881 
Fig. A.1. Diet composition of the four mesopelagic fish species examined plotted again fish 882 
standard length (mm). Colour represents the myctophid and bathylagid species examined, 883 
with each point representing the %IRIDC value of a prey item to each fish species across the 884 
northern and southern survey area. Shapes represent northern and southern stations, as per 885 
Fig. 1, however %IRIDC values displayed are calculated for northern and southern stations 886 
collectively. Prey species are arranged by broad size grouping from smallest to largest. COP: 887 
Copepods, AMP: Amphipods, FSH: Fish, OTH: Other taxa (predominantly salps, polychaetes 888 
and unidentified crustaceans and gelatinous prey), EUP: Euphausiids other than Euphausia 889 
superba, KRI: Euphausia superba. BA: Bathylagus antarcticus, EA: Electrona antarctica, 890 
GB: Gymnoscopelus braueri, KA: Krefftichthys anderssoni. 891 






